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robotics for use in space manufac-
turing and computational fluid dy-
namics applied to the evaluation of
planetary systems. His primary in-
terest is in extraterrestrial-resources
utilization. He has extensive expe-
rience managing interdisciplinary
engineering/science programs.

and the vast treasury of experience in dealing with inhospitable environments, will
directly benefit inhabitants of marginal environments on Earth. The result will be to
reclaim large land areas for human use and ease pressure resulting from expanding
populations.

Among the most pressing of Earth’s environmental issues is energy. At the moment we
are locked into two unpleasant alternatives: live with an increasingly polluted atmos-
phere, or return to the Stone Age in terms of our energy requirements. Neither is
tolerable. But this issue can be addressed successfully by the space community: the
building of solar power satellites to beam a cheap and endless supply of electricity in the
form of microwave energy can be realized now, thanks to the concept of utilizing
indigenous near-Earth materials. Whereas previous calculations deemed such a project
prohibitively expensive if all materials are lifted from Earth, current assessments based
on using local materials have reduced costs sharply and will make the building of solar
satellites feasible.

Likewise, other projects limited by the high cost per pound of transportation to low Earth
orbit (LEO) can be reinstated, enhanced or purchased for a reduced price. From the
space station Freedom to habitable biospheres on Mars, the goal of a permanent
manned presence in space is manageable. Other energy sources, such as Helium-3 from
the lunar regolith, may also emerge as our experience in space matures.

It is not too difficult to project a refreshed image of Mother Earth among those who have
been “off-world” for four or five years, long enough to travel to the Mars system, function
there awhile, and return. I am not referring to a new philosophical insight about Earth,
but rather the forced enhancement of a spacefarer’s ability to see the potential of areas
of Earth presently considered only marginally inhabitable. The next step is to apply the
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ADVISORY COMMITTEE

Arden Albee, California Institute
of Technology

Robert Ash, Old Dominion Uni-
versity

Milan Bier, University of Arizona

James Burke, Jet Propulsion Lab

Michael C. Duke, NASA Johnson
Space Center

James French, JRF Engineering

James H. Kelley, Jet Propulsion
Laboratory

William A. Mueller, Hughes El
Segundo

John Nichoff, SAIC International

Sanders D. Rosenberg, Aerojet
Technology Systems

Norman Schulze, Code RI, NASA
HQ

Alvin L. Tanner, Fluor Daniel, Inc.

Robert D. Waldron, Rockwell In-
ternational

James R. Amold, California Space

Institute

The selection criteria for these centers included the originality and innovation of the
proposed research, the prospects for near-term utilization of the technologies devel-
oped, and the magnitude of the contribution that these technologies could make to
American capabilities in space. Of equal importance, these Centers were charged with
a major role in the education of a new generation of space professionals who would be
not only solidly grounded in space technologies, but also familiar with current scientific
understanding of Solar System environments. These new professionals would be able to
step beyond the traditional space technologies developed in the 1960s and 1970s,
building upon the latest scientific and technological understanding to open the Solar
System to mankind in the 21st Century.

The role of the UA Center is to develop the technologies necessary to produce a wide
variety of useful products using the materials and sources of energy that occur naturally
in near-Earth space. An additional purpose is to lower the cost and extend the scope of
large-scale space activities. Over the next 25 years, NASA sees its major activities as
being drawn from a list which includes: a permanently-occupied space station, a lunar
base, unmanned scientific exploration of the Solar System, the monitoring of environ-
mental processes on Earth and a manned expedition to Mars and its satellites.

This wide scope implies that resources native to the portion of the Solar System outside
the orbit of Venus and inside the inner edge of the asteroid belt are of immediate
interest. Besides Earth, the bodies found within this volume of space are Earth’s Moon,
Mars, the Martian moons Phobos and Deimos, and approximately 600 asteroids larger
than a kilometer in diameter, some of which may be the nuclei of extinct comets. In other
words, the scope is narrowly focused on Earth’s nearest neighbors. On a smaller scale,
but closer to home, orbital debris such as dead satellites, spent rocket motors, and
expended fuel tanks (especially the Space Shuttle External Tank) are available for use
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useful equipment already in place. Interdisciplinary research efforts, such as the
Theoretical Astrophysics Program and the Crystal Genesis Project, are already estab-
lished. A joint AME-LPL degree program in space engineering, combining science and
engineering, predates the establishment of the center by several years.

As evidence of its commitment to the center proposal, the UA administration contrib-
uted $250,000 in equipment money, established two new faculty positions (in LPL and
AME), and salary for a minimum of 10% of the time of each faculty member involved
in the center’s research program. The University has also provided space for the center
in an attractive, new research-park facility several miles from the main campus.

Aerospace companies in Tucson include Hughes, AiResearch (Allied-Signal) and
Lockheed. Tucson is the astronomical capitol of the world, with more observatories
within a 50-mile radius than any other point on Earth. It is the home of Kitt Peak National
Observatory, the Smithsonian Institution’s Multiple-Mirror Telescope, and the UA
Mirror Laboratory that is spin casting very large (over 6 meters) light-weight telescope
mirrors with unusually small focal ratios, suitable both for Earth-based and space-based
observatories. Tucson is the home of the Space Biospheres Ventures' Biosphere II
Project, a closed-ecosystem experiment, for which the UA’s Environmental Research
Laboratory is the environmental design contractor.

The Planetary Science Institute (a subsidiary of Science Applications International
Corporation) is located adjacent to the campus. It is a research institute with extraordi-
nary expertise in the study of asteroids and comets and of the effects of impact processes

on the surfaces of the Moon and smaller bodies.

Tucson has one of the highest levels of space awareness of any community in the nation.

10
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5. systems optimization, and
6. database development.

John S. Lewis, Principal Investigator for Science at SERC, opened the science plenary
session with a lecture on the resources available on the Moon, Mars and its satellites, and
local asteroids. He discussed the need for locally-derived propellants, life support fluids,
radiation shielding, refractories, metals and structural construction materials to support
large-scale space activities.

The economics of off-Earth manufacture of these basic commodities suggests that the
benefits are in the billion-dollars-per-year range. Other speakers in this session pre-
sented papers on the specific resources found on the Moon and on Mars, including
Mars’s atmosphere.

Jeffrey Taylor, of the University of New Mexico, presented a lecture on the properties
of the Moon, Mars, Martian satellites and near-Earth asteroids. Talks on specific
materials, including the lunar regolith, lunar ilmenite, carbonaceous materials and
planetary atmospheres were presented later in the session.

Robert D. Waldron, a senior scientist at Rockwell International Corporation, intro-
duced the session on processing propellants with a talk on processes applicable to the
Moon for extracting propellant constituents and their byproducts. He also proposed an
evaluation scheme for propellant processing methods. Other speakers discussed mining
methods and the processing of metallic and non-metallic byproducts, including both
volatiles and glass-ceramics.

Jerry Suitor of the Jet Propulsion Laboratory, Pasadena, discussed the use of automa-

12















el

[eLnsouenx? 3unsd) Joj 199udo pasodord e “‘Ayoey HFLAD Yl U0 Y[E1 uUodYoUn| B
pajuasaxd Arojeioqe] [euoneN SOUre[y SO JO 9MOH USAQIS "X "P[OV S30InosaI-doeds
oy) ur JunjIom SISYOIRSsAI AQ opeuwr arom suoneiuasard [eroeds [eroads ‘Ajfeuonippy

‘swnisodwAs aImny Ul panunuod aq Jim donoeid sty pue ‘sonsst Juissaoord
doeds JO sjUSWIRAI) [RUONUIAUOOUN PUB [BUONUSAUOD Yloq I0j uuope(d e opraoid
UOISSIS SIY] Jeyl pPopudjul Sem ] "S90IN0SAI [eLnsousienxsd Jururw Jo syadse [edo) oy
Uo pue ‘UOOJAl dY) JO ddeyIns 9yl uo uonnquusip wnijey Sunoipaid ‘s1500 uoneuodsuen
9onpar 03 ud3Axo reun| Fwzrnn ‘fros reunj oY) wolj usSoipAy Suroenxe uo paussaid
oIom siaded ‘opdurexs 104 “soway) uoissas Arewrid 9y 1J “JOU PIP SISBO ISYIO UT pUB ‘pIp
$9sED owos Ut ey so1doy jo A1ourea e uo sioded painquIuod 01 POJOASD SBM UOISSIS [RUl)

"S30INOSAI Teuny O] PoJe[al SAOUQISJal ¢ReG[-oid
Jo sisisuod ‘siomndwod [euosrod uo pasn aq 03 pauSisop ‘aseqelep dYJ, ‘S[PLIAEW Jeun|
Jo asn oy uo dseqelep e Jo juowdoroasp sy uo armod] Areusrd e pajussard ‘aymusuy
doedg eruiojie) pue 0331 UeS Je BILIOJIE)) JO AJSIOAIU() 9} WOLJ ‘[[9MSLL) "y PIABQ

Yuey ey Ioyjo
$3IpOq UO sassa001d Fumodoyje suoneISpISUD JuswaSeuew ASIoUd pue “SjuSWII Jeun| 10J
Anroey uononpord usgAxo ue Surpopour ‘eseq reuny e 1oy uoneziwmdo wolsAs passnosip
s1oyeads 1oyl -uoneziumdo UOISSIW [B10) JO 1XSJUOD oY) UMM UOHBN[EAd ssaoold
10§ yIomowel] © ZULISJJO ‘UOLIBZI[IIN J0INOSII [eLlsoldenxe o1 yoeordde 1wop-Jo
a3t © passnasip ‘HYFS e Sunsourduy Joy Jo0je3nsaauy Tedouny ‘jeyowrey fewny|

"UOISSas Syl Ul s1oyeads I1oylo Aq parussard
2IoM ‘UONRIDIJOUSq pue ‘FuUIUTW ‘SONOQOI ‘SUONEITUNUIIOD SWS)SAS [ONU0D pue FuLo)
-Tuoul se yons ‘uoljewoine Sumodjje SUOIIRIOPISUO) S[eLdjewl asay) Surssooord ur uon



engineering and construction procedures, processes, and equipment. Dr. Eugene Levy,
Director of the Lunar and Planetary Laboratory at the University of Arizona, spoke at
the banquet on the evolution of the Solar System, giving broad perspective to the role
of space resources and their origin.

Mark Nelson of Space Biospheres Ventures presented a talk on the Biosphere II
program, a project for studying biospherics both on Earth and in space. Closely related
to this was the presentation of Carl Hodges, Director of the University of Arizona En-
vironmental Research Laboratory, who delivered a paper during the regular session on
extracting life-support substances during the processing of materials in space.

The wide range of topics covered in this conference is indicative of the importance of
space resources utilization, and it is of special interest that many leading engineers and
scientists who began their careers in more traditional subject areas have now begun to
apply their expertise to the exciting new field of space mining and manufacturing. This
promises that the present decade will see dramatic developments in our ability to live
and work in off-Earth environments. Extraterrestrial resources truly are our “stepping
stones to the stars”.

SERC RESEARCH PROJECTS

SPACE ENGINEERING PROJECTS

» Development of techniques for automated production of propellants utilizing extra-

14
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SPACE ENGINEERING
RESEARCH GROUP

Dr.

Kumar Ramohalli,

Principal Investigator

Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

Farhang Shadman
Thomas L. Vincent
Parviz Nikravesh
Charles Glass

Rocco Fazzolare
Chandrakant S. Desai
David Lynch

David Criswell

Brian Fabes

Dr.Andrew Cutler

» Development of computer simulations which allow systematic study of power system
requirements that will be necessary for the production of oxygen from lunar ilmenite.

» Development of “cold” plasma chlorination techniques for use on lunar materials to produce
oxygen and chlorinated metals.

« Research into the production of construction materials from lunar soils in the absence of
water.

SPACE SCIENCE PROJECTS
» Research in the utilization of the carbonyl process for separating metals.
» Research and design of schemes for processing carbonaeous chondrite material.

« Investigations of the ilmenite oxygen process to test the feasibility of recovering oxygen,
iron and rutile from lunar surface materials.

+ Development of lunar soil simulants for use in research.
» Development of computerized, observational data analysis for use in the detection of near-
Earth asteroids and comet cores (a dedicated telescope with a 2048 x 2048 element, CCD

detector array).

» Research and analysis of 3 to 4 micron spectra of asteroids in order to determine their water
content.
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» Study of processes for the extraction of *He from the lunar regolith for potential use in
generating fusion power.

SERC RELATIONS WITH INDUSTRY

The center has pursued a variety of industrial outreach activities during the last year. The
major emphasis of these activities is on laying the groundwork for collaborative indus-
trial projects which utilize space resources. SERC is interested in establishing coopera-
tive research projects and possible donations of advanced equipment to the center. The
focus of the initial outreach efforts has been primarily on domestic aerospace, construc-
tion engineering and metal-processing industries.

The uniqueness of the center as the only academic research facility in the world working
on technologies for using space resources makes the center an essential ingredient in the
development of space ventures. SERC is ideally positioned to provide the integrated
research know-how for successful public-private partnerships in space resource utiliza-
tion. Several contacts have been made by firms specializing in space transportation, the
design and construction of chemical processing plants and industrial research consortia.
It seems clear that industry appreciates the critical importance of the SERC research
team to future commercial ventures in space.

On the international front, SERC has cultivated a working relationship with IFTECH,

the Institute for Future Technologies, a Japanese research consortium. SERC and
IFTECH planned a research project concerning the extraction of *He from lunar mate-
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working conferences designed to further this broad mandate.

One such conference was the AESOP Workshop, sponsored by SERC and the Califor-
nia Space Institute. Held in La Jolla, California, during July 1989, the purpose was to
highlight the problems and issues that may be expected to arise in designing and building
automated space mining and manufacturing facilities.

Although specific mission planning has not yet been completed in response to Presiden-
tial initiatives and NASA directives, a number of space exploration and development
scenarios have been outlined. Common to nearly all of these, and fundamental to their
success, is the assumption that space resources — especially materials from which
propellants may be derived — will be utilized on an ever-expanding scale.

A number of recommendations were formulated by the AESOP Workshop participants.
These were focused on the research stages and program requirements that will be
necessary for space automation to be undertaken successfully. The following list of
general requirements resulting from the discussions at the workshop are presented to
illustrate the level of thought and long-term planning that drives the research effort at
SERC.

1. Tradeoff studies to determine choices between redundant and replaceable
components and subsystems.

2. Analysis of modularity to determine best module boundaries for optimum pro-
ductivity when failure occurs.

3. Analysis of the effects of operation in an enclosed or pressurized environment.
4. Studies of the high temperature, long-term corrosion resistance of some of the
high-tech ceramics and other materials proposed for use in space.
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PUBLICATIONS

Publications that share the results of the center’s investigations are a critical component
of the research effort at SERC. Since the center has only been in business for a year and
a half, major emphasis in our publication program has been devoted to disseminating in-
formation about the center itself. The following is the list of SERC publications and
informational materials produced to date:

SERC Brochure

WR-89/1 AESOP Report

AIS-89 First Annual Invitational Symposium Proceedings
AIS-89/A First Annual Invitational Symposium Abstract
APR-89 Annual Progress Report 1989

APR-90 Annual Progress Report 1990

In addition, individual SERC researchers have published a number of professional
papers. References to these may be found in the standard indexes, or by writing to them
in care of SERC.

UA/NASA SPACE ENGINEERING RESEARCH CENTER
4717 EAST FORT LOWELL ROAD

TUCSON AZ 85712

(602)322-2304

(602)326-0938 FAX
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